Salmonellae are pathogenic bacteria often detected in waters impacted by human or animal wastes.
INTRODUCTION
Salmonellosis is one of the most important public health disease problems worldwide with up to 1.3 billion cases reported annually (Pang et al. ) . In the United States it affects 1.4 million people, causing 16,000 hospitalizations and over 500 deaths annually (Mead et al. ) . The majority of illnesses result from exposure to undercooked animal products or cross-contamination with foods consumed raw (Tauxe ; WHO ); however, salmonellosis can also result from direct contact with con- Recent studies in our laboratory frequently detected salmonellae in water, sediments, animals (i.e. fish, turtles) and biofilms even in supposedly clean habitats such as Spring Lake, the spring-fed headwaters of the San Marcos River in San Marcos, Texas (Hahn et al. ; Gaertner et al. a, b, ) . Spring Lake is a small reservoir (6 ha) that is considered one of the most pristine waters in Texas (Slattery & Fahlquist ) . It consists of two arms, the Spring arm, characterized by relatively constant environmental conditions in depth and throughout the year due to the permanent supply of water through numerous springs from the Edwards Aquifer, and the slough arm that represents a more lentic environment with slow flow, large seasonal changes in temperature and redox conditions, and large deposition of organic material (Groeger et al. ) .
While the spring arm is bordered at one side by steep slopes of forested limestone and on the other by landscaped parkland, the entire slough arm is surrounded by the Texas State University Golf Course, and connected to the discharge area of Sink Creek. The lake is not affected by point sources of pollution such as sewage treatment facilities which are common sources of impact to Texas Rivers (Groeger et al. ) , however, due to its location within the urban-rural interface of San Marcos, could be affected by several potential non-point pollution sources for salmonellae that include cattle ranching operations as well as wildlife habitat associated with the adjacent golf course. In our previous studies, detection of salmonellae in water and sediments was more pronounced directly after rainfall events (Gaertner et al. ) , and thus likely a consequence of contamination through livestock or wildlife fecal droppings transported into the aquatic system by strong rainfall events and associated runoff as suggested for other systems (Kinzelman et al. ; Arnone & Perdek Walling ) . The detection of salmonellae in the intestine of turtles and fish, and especially in biofilms on the carapace of turtles, however, could not be linked to runoff, and thus, opens the door for speculations on the dissemination and on the fate of salmonellae with respect to short-and long-term population establishment in aquatic ecosystems.
The aim of our study was to monitor the presence of salmonellae before and after rainfall events in water and sediment samples, to investigate their potential establishment in biofilms, and to assess the potential for their transfer from biofilms into the food chain. The assumption was that biofilms are used as food resource by herbivorous or omnivorous grazers like snails, and these are preyed upon by carnivorous animals such as crayfish (Nystrom  
MATERIALS AND METHODS

Sample collection and preparation
Samples were taken from two locations, one each in the spring and slough arms of Spring Lake (Figure 1 ) at different time intervals distributed before and after four separate rainfall events that happened on June 23 (2.5 mm), June 30 (7.6 mm), July 7 (6.4 mm), and July 9 (30 mm) (Figure 2 ). Samples collected on each date consisted of four water samples, eight biofilm samples, and 10 snails of the species Tarebia granifera from each of the spring and slough arms of Spring Lake with the exception of June 24 in which only six biofilm samples were collected from each the spring and slough arm and only two snails were found in the slough arm. Water samples were collected into 50 mL tubes from just below the surface, cells pelleted by centrifugation at 3,000 rpm for 15 min and transferred to 2 mL cryotubes containing 1 mL buffered peptone water (BPW) (L
À1
: 10 g peptone, 5 g NaCl, 9 g Na 2 HPO 4 , 1.5 g KH 2 PO 4 , pH 7.2) (Thomason et al. ; International Organization for Standardization ). Biofilm samples were taken by scraping films off of the surface of rocks from within each site directly into 2 mL cryotubes containing 1 mL of BPW. Snails (T. granifera) were collected by hand and homogenized in 2 mL cryotubes containing 1 mL of BPW.
Independent of precipitation events, 21 crayfish (Procambarus clarkia) were captured by hand prior to June 23rd in both the spring and slough arms of Spring Lake, and samples from the stomach and intestine separated into 2 mL cryotubes containing 1 mL of BPW.
Enrichment of salmonellae
All samples were incubated in BPW at 37 
PCR-based detection of salmonellae
The presence of Salmonella was detected utilizing the amplification of a 284-bp-fragment of the invA gene that encodes a protein of a type III secretion system, essential for the inva- 
Rep-PCR
Bacteria from the second enrichment of samples positive for salmonellae were plated onto RVS Agar (i.e. RVS Broth solidified with 15 g agar L
À1
) and incubated at 37 W C for 24-48 h. Ten colonies from each plate were sub-cultured in LB medium and checked for the presence of the invA gene by PCR as described above. All positive isolates were further analyzed by rep-PCR using the BoxA1R primer (Table 1) . Overall, 12 distinct profiles were obtained (Figure 3 ). Several profiles were shared among isolates from samples collected during the study (Table 1) ; however, none of them was identical to any of those obtained in previous studies (data not shown). All 
DISCUSSION
Salmonella were detected in water, biofilm and crayfish samples from Spring Lake, San Marcos, TX, after semi-selective enrichment and subsequent detection on invA gene fragments by PCR as described previously (Hahn et al. ) . Although only about 3% of all samples were found to be positive for salmonellae, their detection is of importance since Spring Lake is generally considered one of the most pristine waters in Texas (Slattery & Fahlquist ) .
Most samples testing positive for salmonellae were obtained a day after rainfall events (i.e. 9 out of 13) suggesting runoff from terrestrial systems or upwelling as potential sources of contamination despite the rainfall events being relatively Salmonella ingested during grazing on biofilms by snails could then be transferred to crayfish or fish feeding on snails as indicated by matching rep-PCR profiles of salmonellae isolated from crayfish collected on June 12 and a biofilm sample collected on July 8. This potential route of contamination, however, needs to be confirmed in more controlled settings in which defined strains of salmonellae are systematically followed as they move through a representative food chain when inoculated into water, establishing in biofilms, taken up by snails and then transferred to crayfish or fish prior to any opportunity of consumption by humans.
